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Background:  Respiratory  syncytial  virus  (RSV)  is  the  most  important  viral  pathogen  in infants  and  children.
It is  important  to analyze  RSV  epidemic  patterns  and  related  relevant  factors  in  order  to  prevent  further
infections  and  related  complications.
Objective:  To  explore  the  relationship  between  RSV  infection  rate  in  hospitalized  children  from  Suzhou
area and  climatic  factors.
Study  design:  42,664  nasopharyngeal  specimens  from  hospitalized  children  with  acute  respiratory  infec-
tions were  screened  for  RSV  antigens  using  direct  immunoﬂuorescence.  472  RSV  positive  samples  were
randomly selected  and  performed  real-time  PCR  to identify  RSV  subtype.  Monthly  meteorological  data
in  Suzhou  area  was  collected  (average  temperature,  relative  humidity,  precipitation,  total  sunshine,  and
average  wind  speed)  from  2001  to  2011.  The  relation  between  RSV  infections  and  climatic  factors  was
evaluated using  correlation  and  stepwise  regression  analyses.
Results:  The  annual  RSV  infection  rate  in  hospitalized  children  in  Suzhou  from  2001  to  2011  varied
between  11.85%  and  27.30%.  The  highest  monthly  infection  rates  occurred  from  November  to  April. The
time  interval  from  November  to April  was  considered  the  infection  season.  Seasonal  RSV  infection  rates
from 2001  to  2010  were  40.75%,  22.72%,  39.93%,  27.37%,  42.71%,  21.28%,  38.57%,  19.86%,  and  29.73%.  The
infection  rate  of any  season  was  statistically  different  from  the next  season.  There  was  no  signiﬁcant
difference  in  RSV  infection  rates  in  the  2010–2011  and  2009–2010  epidemic  seasons.  Among  the  472
randomly  selected  RSV  positive  samples,  412  were  found  to  be RSV  subtype  A (RSV-A),  while  60  subtype
B (RSV-B).  The  monthly  RSV  infection  rate  was  negatively  correlated  with  monthly  average  temperature
(r =  −0.84),  total  sunshine  (r  =  −0.47),  precipitation  (r =  −0.31),  relative  humidity  (r  =  −0.20),  and  average
wind  speed  (r  =  −0.20),  (P  <  0.05).  Stepwise  regression  analysis  showed  monthly  average  temperature  ﬁt
into  a  linear  model  (R2 =  0.64,  P  <  0.01)  with  a  regression  coefﬁcient  of −1.52  (t  =  15.21, P  <  0.01).
Conclusions:  RSV  infection  in  Suzhou  occurred  most  frequently  between  November  and  April.  The  number
of infections  peaked  every  other  year.  Abnormally  high  infection  rate  in  non-epidemic  season  only  caused
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 201by RSV-A.  Ambient  temp
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. BackgroundRespiratory syncytial virus (RSV) is the most important viral
athogen in infants and children. It spreads rapidly and is the major
ause of viral pneumonia and acute bronchitis [1–5]. Some infec-
     
∗ Corresponding author. Tel.: +86 15950011521; fax: +86 51265224492.
E-mail address: gwlsuzhou@163.com (W.-L. Guo).
386-6532 © 2013 The Authors. Published by Elsevier B.V. 
ttp://dx.doi.org/10.1016/j.jcv.2013.09.027
Open access under CC BY-NC-SA lre  played  an  important  role  in  the  development  of  RSV  infection.
3 The Authors. Published by Elsevier B.V. 
tions may  progress to severe pneumonia and death [6]. It is impor-
tant to analyze epidemic patterns and related relevant factors in
order to prevent further infections and related complications. Large
studies spanning more than 10 consecutive years have not been
performed. We  prospectively observed childhood RSV infections at
our hospital over 11 years and correlated RSV infection with local
climatic factors in order to better understand it’s natural history.
Open access under CC BY-NC-SA license.2. Objective
We  prospectively observed childhood RSV infections at our hos-
pital over 11 years. Our objective was  to explore the relationship
icense.
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etween respiratory syncytial virus (RSV) infection rate in hospi-
alized children from Suzhou area and climatic factors.
. Study design
.1. Patient population and specimen collection and processing
This study was approved by the Ethics Committee of the Chil-
ren’s Hospital afﬁliated to Soochow University, and consent forms
ere signed by the parents in each case. Hospitalized children with
cute respiratory infections from January 2001 to December 2011
ere evaluated, and a total of 42,664 nasopharyngeal secretion
pecimens were collected. Among the collected samples, 42,574
ad gender reported: 28,377 (66.65%) are male and 14,197 (33.35%)
re female patients (male to female ratio, 1.99:1). Nasopharyngeal
ecretions from 3-day to 15-year-olds were collected by aspiration,
sing negative pressure generated by a disposable sterile suction
ube inserted 7–8 cm into the nasal cavity to the pharynx. All freshly
ade slides with smears of exfoliated cells were used for RSV
ntigen detection [7]. 8275 samples were RSV positive. 8186 RSV
ositive patients had age recorded. 6821 (83.33%) patients were
nder 1 year old, 1098 (13.43%) were between 1 and 3 years old,
07 (2.53%) between 3 and 5 years old, and 60 (0.73%) > 5 years old.
257 RSV positive patients had gender reported. There were 5788
ale and 2469 female patients (male to female ratio, 2.34:1).
.2. Direct immunoﬂuorescence viral detection
Vital antigens were detected using the D3 UltraTM DFA Respi-
atory Virus Screening & ID Kit (Diagnostic Hybrids, USA). Smears
f exfoliated cells were air dried followed by cold acetone ﬁxa-
ion. 10 l of monoclonal ﬂuorescent antibodies against RSV was
dded to smears. Specimens were incubated for 30 min  in the dark
t 37 ◦C, followed by a PBS (pH 7.4) wash. Slides were examined
nder a ﬂuorescence microscope (excitation wavelength = 488 nm).
 slide with 5 or more RSV inclusion bodies was  considered RSV
ositive.
.3. Real-time PCR
Total RNA was extracted using the RNeasy Mini Kit (Qiagen,
ombrechtikon, Switzerland) that includes an on-column DNaseI
Qiagen) digest and reversed transcribed using MultiScribe reverse
ranscriptase and random hexamer primers (Applied Biosystems,
otkreuz, Switzerland). Real-time PCR was performed on the ABI
RISM 7700 Sequenc-e Detector System (light cycler 480II) by using
he TaqMan Gene Expression Assays for analyzing the expression of
SV-A and RSV-B (Invitrogen Biotechnology Co., Ltd.), respectively.
lyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as
n internal control gene. The primers and probe used for ampliﬁ-
ation of RSV-A, RSV-B, and GAPDH cDNA samples are following:
RSV-A: sense: 5′-AGATCACTTCTGTCATCCAGCAA-3′,
RSV-A: reverse: 5′-TTCTGCACATCATAATTAGGAG-3′,
RSV-A probe: CACCATCCAACGGAGCACAGGAGAT,
RSV-B: sense: 5′-AAGATGCAAATCATAAATTCACAGGA-3′,
RSV-B reverse: 5′-TGATATCCAGCATCTTTAAGTA-3′,
RSV-B probe: TTTCCCTTCCTAACCTGGACATA,
GAPDH sense: 5′-GAAGGTGAAGGTCGGAGTC-3′,
GAPDH reverse: 5′-GAAGATGGTGATGGGATTTC-3′,
GAPDH probe: CAAGCTTCCCGTTCTCAGCC.
Relative mRNA expression levels were calculated by the com-
arative threshold cycle method (Ct).l Virology 58 (2013) 666– 670 667
3.4. Collection of meteorological data
Meteorological data (monthly mean temperature (◦C), relative
humidity (%), precipitation, sum of sunshine, and mean wind speed
(m/s)) were provided by the Meteorological Bureau of Suzhou,
Suzhou City, China.
3.5. Statistical analysis
Statistical analysis was performed using SPSS20.0 software. Dis-
creet data were analyzed using the Chi-square test. Continuous data
were analyzed using the W-test for normality. Data with a non-
normal distribution were analyzed using the Kruskal–Wallis test.
The correlation between RSV infection rate and climatic factors
was  analyzed using a bivariate correlation analysis. The relation
of climatic factors on RSV infection was analyzed using stepwise
regression analysis. P < 0.05 was  considered statistically signiﬁ-
cant.
4. Results
4.1. Overview of annual RSV epidemics
The overall RSV infection rate from 2001 to 2011 was  19.40%
(8275/42,664). The annual infection rates during this period
were 24.94% (715/2867), 25.83% (677/2621), 24.05% (448/1863),
25.39% (468/1843), 27.30% (276/1011), 15.55% (558/3588),
20.91% (820/3922), 13.10% (641/4892), 11.85% (608/5132), 15.06%
(974/6469), and 24.72% (2090/8456), respectively. There was sig-
niﬁcant difference between annual RSV infection rates (2 = 828.96,
P < 0.01).
4.2. Overview of intra-annual RSV epidemics
The annual RSV infection rates from 2001 to 2011 were cal-
culated (Fig. 1). Infections mainly occurred from November to
April (15.42–57.18%), with a peak from December to February
(30.33–57.18%) and a trough from June to September (0–5.38%).
A close examination on the monthly RSV infection rates from
2001 to 2011 reveals that: 2011 stands out for having signiﬁcantly
higher monthly infection rates from July to October than those of
2001–2010 (Fig. 2). The time period from November to April was
regarded as the RSV infection season. The RSV infection rate dur-
ing the 9 epidemic seasons were 40.75%, 22.72%, 39.93%, 27.37%,
42.71%, 21.28%, 38.57%, 19.86%, and 29.73%, respectively. There
were signiﬁcant differences in the number of RSV infections in
each of the two consecutive yearly periods (corresponding 2 were
106.60, 94.25, 27.55, 40.84, 145.09, 111.93, 177.25, and 59.5 with all
P < 0.01). In contrast, the RSV infection rate in the 2010–2011 epi-
demic season was  30.79%, which was not statistically different from
2009 to 2010 (2 = 0.78, P = 0.38). The RSV epidemic season peaked
every second year. This trend was  not seen after 2010. There are 472
RSV positive samples of random sampling in infection seasons from
November 2006 to December 2011, RSV-A was 412 cases (87.29%)
and RSV-B was 60 cases (12.71%). In epidemic seasons, a major-
ity of detected RSV was RSV-A in 2006–2007 (93.93%), 2007–2008
(94.23%), 2010–2011 (92.98%). A majority of detected RSV was
RSV-B in 2009–2010 (87.50%). On the other hand, both RSV-A
(56.25%) and RSV-B (43.75%) were detected in 2008–2009. From
July to December 2011, only RSV-A cases (100%) were detected
(Fig. 3).4.3. Correlation between RSV infection rate and climate
Monthly RSV infection rates from 2001 to 2011 and climatic fac-
tors were determined (Table 1). The period from November to April
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Fig. 1. The annual RSV infection rates from 2001 to 2011.
Fig. 2. Monthly RSV infection rates between 2011 vs 2001 and 2010 (mean).
Fig. 3. Epidemic of RSV subtype in Suzhou, China (2006–2011).
Table 1
RSV infection rates from 2001 to 2011and climatic factors [M(P25–P75)].
Season RSV infection rates
per month (%)
Mean temperature
per month (◦C)
Relative humidity
per month (%)
Precipitation per
month (mm)
Sum of sunshine
per month (h)
Mean wind speed
per month (m/s)
November–October 13.44 (2.72–29.84) 18.50 (9.15–25.05) 70.00 (66.00–75.00) 72.00 (48.78–114.08) 152.35 (120.25–182.98) 2.20 (1.80–2.70)
Epidemic seasons
(November–April)
27.74 (16.76–40.47) 9.20 (5.87–13.10) 68.00 (64.00–72.00) 66.75 (38.50–101.35) 132.95 (106.00–159.85) 2.00 (1.63–2.50)
Non-epidemic seasons
(May–October)
2.82 (0.60–5.74) 25.00 (21.53–28.23) 71.50 (69.00–76.00) 81.50 (59.28–145.30) 169.60 (142.98–197.33) 2.35 (1.88–2.80)
2 76.61 98.27 10.95 7.16 24.32 7.22
01 
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t
wP  <0.01 <0.01 <0.
pidemic seasons vs Non- epidemic seasons, Kruskal–Wallis test.
as regarded as the epidemic season and the period from May  to
ctober was regarded as the non-epidemic season. The monthly
SV infection rate was negatively correlated with mean tempera-
ure, sum of sunshine, precipitation, relative humidity, and average
ind speed. Spearman correlation coefﬁcients were −0.84, −0.47,<0.01 <0.01 <0.01
−0.31, −0.20, and −0.20, respectively (P < 0.05) (Table 2). Only the
monthly mean temperature ﬁt a linear model (stepwise regression
analysis, R2 = 0.64, P < 0.01). The regression coefﬁcient was −1.52
(t = 15.21, P < 0.01). The correlation between monthly infection rate
during the RSV epidemic season (November to next April) and
X.-L. Zhang et al. / Journal of Clinical Virology 58 (2013) 666– 670 669
Table 2
Correlation between RSV incidence and climatic factors.
Meteorological parameters Spearman rank correlation coefﬁcients Multivariate regression analysis
rs P value Standardized beta coefﬁcient P value
Mean temperature per month −0.84 <0.0001 −0.01537 <0.0001
Sum  of sunshine per month −0.47 <0.0001 −0.00009092 0.8088
Precipitation per month −0.31 <0.0001 −0.00023318 0.1792
Mean wind speed per month −0.20 0.0114 0.02054 0.4149
Relative humidity per month −0.20 0.0107 0.00154 0.5115
Table 3
Climatic factors were evaluated during the 10 epidemic seasons from 2001 to 2011 [M(P25–P75)].
Epidemic seasons Mean temperature (◦C) Relative humidity (%) Precipitation (mm) Sum of sunshine (h) Mean wind speed (m/s)
2001–2002 10.55 (6.03–13.88) 75.00 (71.50–77.50) 97.95 (37.55–116.78) 121.10 (103.15–148.18) 2.80 (2.48–2.93)
2002–2003 8.35 (5.93–13.08) 76.00 (70.50–78.25) 97.45 (55.68–114.28) 134.60 (98.35–157.90) 2.70 (2.60–3.03)
2003–2004 9.40 (5.80–14.05) 65.00 (63.25–70.00) 58.60 (36.38–105.38) 136.30 (126.53–151.25) 2.35 (1.95–2.70)
2004–2005 8.95 (3.83–15.55) 65.50 (58.75–70.00) 77.55 (61.60–95.88) 143.85 (109.63–191.23) 2.15 (1.85–2.50)
2005–2006 8.55 (5.30–15.55) 66.50 (61.75–69.25) 56.80 (25.05–123.98) 138.00 (89.58–165.28) 2.20 (1.85–2.53)
2006–2007 10.65 (6.73–15.10) 70.50 (68.25–72.00) 76.40 (45.70–102.70) 142.41 (102.55–161.20) 1.90 (1.75–2.38)
2007–2008 10.00 (3.45–13.80) 65.50 (63.50–72.25) 39.00 (19.18–73.15) 125.25 (77.50–173.20) 1.45 (1.30–1.98)
2008–2009 9.60 (6.35–13.68) 65.00 (61.25–69.00) 68.95 (45.80–90.40) 119.90 (101.50–164.20) 1.45 (1.20–1.87)
2009–2010 8.10 (5.80–11.53) 69.50 (66.75–73.50) 74.60 (53.73–131.98) 122.30 (95.28–128.45) 1.50 (1.35–1.88)
2010–2011 8.50 (4.63–14.05) 59.00 (57.75–65.25) 29.20 (5.08–50.15) 166.40 (124.83–191.70) 1.55 (1.28–1.83)
2 1.16 28.72 13.55 6.09 40.28
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ean temperature was −0.54 (Spearman correlation coefﬁcients,
 < 0.05). The correlation between monthly infection rate during
he RSV epidemic season (November to next April) and sum of sun-
hine was −0.32 (Spearman correlation coefﬁcient, P < 0.05). Only
onthly mean temperature ﬁt a linear model (stepwise regression
nalysis, R2 = 0.27, P < 0.01) with a regression coefﬁcient of −1.62
t = 4.66, P < 0.01). Infection rates during the 9 epidemic seasons
rom 2001 to 2010 showed a peak every other year. The differ-
nce from year to year was signiﬁcantly different. No difference in
nfection rate was seen in the 2010–2011 and 2009–2010 epidemic
easons. Climatic factors were evaluated during the 10 epidemic
easons from 2001 to 2011. Only monthly relative humidity and
ean wind speed were signiﬁcantly different between seasons
Table 3). There was no correlation between monthly variation of
limatic factors and RSV infection rate during the epidemic season.
onthly mean temperature was the most important factor related
o RSV infection rate. There was no difference in temperature during
n epidemic season.
. Discussion
RSV is the most common respiratory pathogen in infants and
hildren, especially children less than one-year-old. Seasonal epi-
emics have been reported around the world [1,8,9]. RSV infections
aused 9 times more deaths than inﬂuenza infections [10]. A per-
pective study by Berkley et al. found that RSV was  the most
mportant pathogen in infants with severe pneumonia. The over-
ll distribution of age of RSV infection and hospitalization age for
espiratory infection were similar [11]. Haque et al. reported that
SV infections could progress to acute bronchitis [12]. A retrospec-
ive study [4] by Chen et al. found that 28.7% of 998 patients with
cute bronchitis infection had RSV infection. RSV was the most
ommon viral infection. These ﬁndings suggest RSV could be the
ajor viral pathogen in children in Suzhou area. Yusuf et al. found
hat climatic factors may  have an impact on RSV epidemics [13].
urther study of the characteristics of RSV epidemics and climatic
actors is needed in order to better understand their relationship.4 0.73 <0.01
We  monitored acute respiratory infections in hospitalized chil-
dren in Suzhou area for 11 consecutive years. RSV was  the most
common viral pathogen of acute respiratory infection among
infants and children during the winter and spring seasons in this
region [4,14]. We found that RSV epidemics mainly occurred from
November to April and peaked from December to February, similar
to previous reports [6,15]. RSV infections peaked every other year,
suggesting that infections in the beginning of year affect the rate
of infections at the end of the year. This pattern may  be affected
by the level of population immunity, as reported by Deng et al.
[8]. This trend was  not seen after 2009. Instead, there were two
similar consecutive peaks in the winter and spring from 2009 to
2010 (infection rate 29.73%) and from 2010 to 2011 (infection
rate 30.79%). Abnormal high RSV infection rates were detected
from July to October in 2011. Further analysis shows that only RSV-
A subtypes were identiﬁed during this period. Similar results were
previously reported by Ohno et al. [16].
van der Sande et al. [17] found a regular pattern of outbreaks
over six consecutive years. The highest rate of RSV infection in
Gambia occurred during the rainy season, between August and
November, followed by an irregular pattern over the next three
years. Outbreaks occurred in December and the following March,
August, and October. A regular pattern of outbreaks reappeared in
the following two years. These results suggest that the pattern of
RSV epidemics does not change much over time, similar to our ﬁnd-
ings. Long-term continuous monitoring allows description of the
time pattern of RSV infections and when there is a change in this
pattern. This may  help predict or prevent seasons with increased
RSV infections. The long-term pattern of RSV infections is worthy
of further observation and investigation.
RSV infection patterns vary in different regions and different
climates. RSV outbreaks occur throughout the year in tropical,
subtropical, and frigid regions. RSV detection rates are highest
in regions with temperatures above 24–30 ◦C or between 2 and
6 ◦C. In contrast, RSV outbreaks usually occur during the winter
or spring in temperate regions [13,18]. The climate of Suzhou is
temperate. Our current ﬁndings and previous reports suggest that
RSV outbreaks occurred between November and April and rarely
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etween June and September [14]. We  monitored the RSV infec-
ion rate and meteorological data over 11 consecutive years, the
ate of RSV infection during the epidemic season was negatively
orrelated with mean temperature, relative humidity, precipita-
ion, and wind speed. Stepwise regression analysis showed that
nly monthly mean temperature ﬁt a linear model, supporting the
elationship between temperature and RSV infections. RSV infec-
ion peaked in cold months. Yusuf et al. evaluated the relationship
etween RSV epidemics and meteorological conditions. RSV epi-
emics were negatively correlated with both temperature and
mount of ultraviolet radiation in 9 American cities. du Prel et al.
18] evaluated 1350 children, including 326 with RSV respiratory
nfections. There was a negative correlation between RSV infec-
ion and temperature, similar to our ﬁndings. Madhi et al. reported
imilar observations [19]. These studies suggest that low temper-
ture may  improve the stability of RSV in aerosols, induce spasm
nd ischemia of respiratory tract capillary vessels, reduce mucosal
pithelia cilia motility, and facilitate reproduction of RSV in
hildren.
In this study, we monitored the temporal characteristics of RSV
nfection with climatic factors at a public pediatric hospital in
uzhou (China) over a long period of 11 years from 2001 to 2011.
uring this period, majority of RSV infections were caused by RSV-
. Abnormally high RSV infection rate were in non-epidemic season
n 2011, which was solely caused by RSV-A. We  found a correla-
ion between the frequency of RSV infections and climatic factors,
articularly temperature. Our study provides a reasonable strategy
o target high-risk populations during high-occurrence seasons in
rder to prevent severe complications from RSV infection. We  will
urther characterize genetic variation in circulating RSV as well as
SV mutations including G-protein sequencing in our future stud-
es.
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